Intersecting D-brane models seem to be one of the most promising avenues to embed the Standard Model physics within the string context. We review here different aspects of these models. Topics include the question of SUSY and quasi-SUSY in intersecting brane models, model-building, the brane recombination interpretation of the SM Higgs mechanism, Yukawa couplings, the lowering of the string scale and possible new Z's accessible to accelerators.
In the last couple of years there have been renovated efforts in looking for Dbrane configurations with a low-energy effective theory resembling the standard model (SM). One approach which looks particularly successful is that of intersecting D-brane models [1, 2, 3, 4, 5, 6 ] (see also [7, 8, 9, 10, 11, 12, 13, 14, 15, 16] ). We will not attempt to
give here an introduction to the subject (see e.g. [6] and references therein). Rather we will concentrate on giving a brief report on some of the work in the subject that we have been involved with in the last year. I ab = 1, I ab * = 2,
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We must emphasize that the intersecting brane setting just described is quite general. As fig. 2 illustrates, one may consider for example four stacks a, b, c, d of D6-branes wrapping 3-cycles on a complicated Calabi-Yau. As long as the intersection numbers are as above, the chiral fermion spectrum is going to be the one of the SM independently of the details of the compactification. As an example the above SM spectrum has also been recently obtained from D6-branes wrapping 3-cycles on the quintic CY [17] or in certain non-compact manifolds [18] . The mentioned specific toroidal models are generically non-SUSY due to the presence of the intersections. Thus, for example, associated to each of the intersections there are massive scalar fields which in some sense may be considered "SUSY-partners", squarks and sleptons, of the massless chiral fermions, have the same multiplicity |I ij | and carry the same gauge quantum numbers. The lightest of those states have masses [2] (Mass)
where ϑ i are the abslute value of the intersection angles (in units of π) at each of the three subtori. As is obvious from these formulae the masses depend on the angles at each intersection and hence on the relative size of the radii. In principle some of the scalars could be tachyonic, but in general it is possible to vary the compact radii in order to get rid of all tachyons of a given model (see [2, 5] ). On the other hand, one can also adjust the radii so that there is one massless scalar at the intersection. Then one gets N = 1 SUSY at that specific intersection. Is it possible to get a fully N = 1 SUSY model, i.e., a model in which all intersections respect the same N = 1 supersymmetry?
The answer is no, at least in the purely toroidal examples as in ref. [5] . The reason for this is that D-brane configurations wrapping compact spaces as in here have to respect the conditions of RR-tadpole cancellation. The overall charge of the configuration with respect to certain tensorial RR-fields has to vanish. In the purely toroidal case those conditions turn out to be incompatible with the geometrical configurations required to get N = 1 SUSY. Fully N = 1 SUSY intersecting brane models may be built in the case with an added Z 2 × Z 2 orbifold twist [8] . However, in that case additional chiral exotics beyond the SM content seem unavoidable.
On the other hand there is an interesting possibility termed quasi-SUSY in ref. [10] and pseudo-SUSY in ref. [19] . The possibility exists that all intersections respect some N = 1 SUSY but different ones. In the case of toroidal models this possibility is still compatible with cancellation of RR tadpoles. For example, certain subset of the models in ref. [5] can be made quasi-SUSY by choosing appropriate radii. Let us denote by (n 
). Then one can easily check that this brane setting yields the chiral spectrum of the SM. Now, the masses of the scalars depend on the ratios
scalars appear at each intersection and some N = 1 SUSY is preserved at each of them. This property may be depicted in terms of a square quiver diagram, shown in interesting properties. In particular, loop corrections to scalar masses appear only at two loops, since only at that order the global non-SUSY structure of the configuration may be noticed [10, 13, 19] . This loop suppression of scalar masses may be interesting phenomenologically in order to address the "modest hierarchy problem", i.e., in order to maintain a hierarchy between a string scale of order 10-100 TeV and the electroweak scale.
There is a variety of SUSY-quivers that one may consider leading to different lowenergy models [13] . One can also find D6-brane configurations wrapping T 6 leading to the massless chiral spectrum of the MSSM. Some examples were presented in ref. [10, 13] but we will present here a new and remarkably simple model which will be discussed in more detail elsewhere [20] . Consider the stacks of D6-branes with the wrapping numbers of table 2. Generically the gauge group of this configuration is U(3) × U(1) 3 . Table 2 : D6-brane wrapping numbers giving rise to a the chiral spectrum of the MSSM.
Here ρ = 1, 1/3.
However, one can check that the symmetry is enhanced to One of the nice features of the intersecting brane approach is that the low-energy Lagrangian parameters admit a simple geometrical interpretation. We already saw an example: the µ-parameter in this model corresponds to the distance between branes b and c in the first torus. Another example is the generation of tree level Fayet-Iliopoulos terms for the anomalous U(1)'s [8, 10] . If one has a small departure from the SUSY geometry, i.e., if U 2 = U 3 + δ with δ small, one finds a FI-term for the anomalous U(1) [10] :
If δ = 0, the existence of this FI-term may trigger further gauge symmetry breaking.
In particular the additional U(1) may be broken down to standard hypercharge by inducing a vev to the right-handed sneutrino.
Before taking into account SUSY-breaking effects, the above local SUSY configuration has (for vanishing µ-term) a flat direction in which electroweak symmetry is broken by the vevs of the Higgs scalars lying at the bc and bc* intersections H bc . The
Higgs mechanism has also a geometric interpretation in terms of branes [13] . As illustrated in fig. 4 , a vev for the Higgs fields H bc corresponds to a process b + c → f in which branes b and c recombine into a single brane f . Since we have started from two branes (plus orientifold mirrors) and end up with one brane and its mirror, the rank of the gauge group has been reduced. Altogether we are left at the end of the day with only three brane stacks, a,d,f and a gauge group SU(3) × U(1) em at the massless level.
The Yukawa couplings also have an interesting geometrical interpretation in intersecting brane models [3] . A Yukawa coupling involves correlators of a Higgs field, a right-handed fermion and a left-handed fermion. The worldsheet of strings connecting those three vertices has a triangular shape, as in fig. 5 , with open strings stretching between the three intersecting branes participating in the coupling. The Yukawa couplings are then proportional to exp(−S cl ), S cl being the classical string action, which is proportional to the area of the worldsheet. This provides a nice physical origin for the observed hierarchy of fermion masses since, as exemplified in fig. 5 , the size of the relevant triangles for the different generations is in general different [3] . Thus, e.g., the triangle associated to the top-quark coupling would be smaller than the one associated to the c-quark which would, in turn, be smaller than the one of the u-quark. One can also see that generation mixing as well as complex phases do in general appear. An analysis of Yukawa couplings in intersecting brane models will appear in ref. [20] .
One interesting question is whether in this class of intersecting brane models one can realize the low string scale scenario [21] with M s ∼ 1 − 10 TeV. This is particularly relevant in models which are not supersymmetric and in which lowering the string scale down to the TeV scale provides then a solution to the hierarchy problem. As is well known, this requires that at least 2 of the 6 compact dimensions become very large, so that we obtain a large splitting between the string scale M s and the effective 4-dimensional gravity scale M P lanck . In the simple case of D6-branes wrapping a 6-torus, realizing the low string scale scenario is in principle complicated [1] . This is because there are no dimensions which can be made large and are orthogonal to the SM brane system. On the other hand, as pointed out in [2] and explained in more detail in [18] , 
In order to avoid too light KK/Winding modes in the worldvolume of the D5-branes let us assume V 4 ∝ 1/M 4 s . Then one has
and one can accommodate a low string scale M s ∝ 1 TeV by having the volume V 2 of the 2-dimensional manifold B 2 large enough (i.e., of order (mm. In the case of a string scale M s close to the 1-10 TeV range, one interesting feature of the intersecting brane models is the presence of a very well defined and modelindependent class of extra TeV-scale Z' bosons. Indeed, in all models there are some extra U(1) symmetries beyond hypercharge which seem rather model independent [22] .
We have generators U(1) a and U (1) where α, β run over the U(1) factors of each specific model and the c α i are modeldependent coefficients which may be computed in each particular brane setting [22, 23] . Thus for example, in the class of models discussed in ref. [5] or ref. [15] one sees that this matrix has four eigenvalues M = (0, M 2 , M 3 , M 4 ), with the zero mode corresponding to standard hypercharge. It turns out that in those models typically one of the eigenvalues is well below the string scale M s , so that one could detect the effects of such extra U (1) before actually reaching the string threshold. One can also put constraints on those eigenvalues from ρ-parameter bounds [22] . It would be rather amusing if the first signature of string physics would come from the detection of any of these particular extra Z' bosons.
